Background: Determining the prevalence of alcohol intoxication and the level of intoxication in victims of fatal occupational accidents is necessary to improve work safety. The circumstances of the accident and the time between alcohol consumption and death are important factors. Material and Methods: A retrospective review of 18 935 medico-legal autopsy reports and toxicological reports performed in the Department of Forensic Medicine at the Wroclaw Medical University, Poland, in the years 1991-2014. The study protocol included circumstances, time and cause of death, injuries, quantitative testing for the presence of ethyl alcohol, gender and age. Results: There were 98 farm-related fatalities. There were 41.8% (N = 41) of victims who had been intoxicated -95.1% (N = 39) of them were males aged 19-70 years old, 4.9% (N = 2) were females aged 37-65 years old. In 8 cases the blood alcohol concentration (BAC) was 50-150 mg/dl; in 15 cases it was 150-250 mg/dl and in 18 cases it was > 250 mg/dl. In 21 cases, the BAC was determined using alternative material and 76% (N = 16) victims were in the alcohol elimination phase with 19% (N = 4) victims in the alcohol absorption phase. The most common causes of death were traffic accidents, drowning and deaths resulting from being caught in or hit by moving parts of machinery or equipment. Conclusions: Alcohol consumption is a crucial risk factor in fatal agricultural accidents. In order to establish the time of alcohol consumption, all victims of agricultural accidents should be tested for alcohol concentration in their blood and urine or vitreous. Improving safety at work requires that the sobriety of employees should be monitored before and during work. Med Pr 2017;68(1):23-30
INTRODUCTION
Agriculture ranks among the most dangerous occupations. In Europe, the fatal work-related accident incidence rate in agriculture in 2008 was 19.1 per 100 000 workers [1] . According to the statistics from the Polish Central Statistical Office (Główny Urząd Statystyczny -GUS), in 2013 the total accident rate equaled 10.85 per 1000 farm workers and the rate of fatal accidents was 0.101 per 1000 farm workers. Those indicators were much lower in other industries (excluding agriculture): the accident rate of 7.55 per 1000 employees and only 0.024 fatal accidents [2] . Apart from many other factors, the human factor still remains the most important risk factor for occupational accidents [3, 4] .
The specificity of agricultural professions is that employees are often deprived of adequate supervision, work is carried out independently (no cross-checking), people work in different types of private farms which are often run by owners, family or friends who lack adequate training (relating to health and safety rules), personal protection equipment is not used and no health checks are performed by occupational physicians. The influence of work safety institutions is limited outside bigger farms and the independent nature of the work results in a lack of discipline and workers fail to comply with safety rules, including those forbidding excessive alcohol consumption. It is a well-known fact that one of the major human risk factors at work is alcohol consumption, which is particularly evident in agriculture [5] [6] [7] [8] [9] [10] [11] .
Many researchers have assessed the scale of this phenomenon based on demographic differences and on the nature of the work by providing detailed epidemiological data [6, 7, [12] [13] [14] [15] . Studies indicate that although many systemic solutions have been introduced (e.g., installation of breathalyzers in agricultural machinery to prevent operation by intoxicated workers), the problem still exists and accidents related to alcohol abuse (including death) pose a serious threat to safety.
The aim of this study has been to retrospectively analyze the incidence of intoxication and the degree of intoxication in fatal farm-related accidents in the Lower Silesia, Poland, taking the circumstances of the incidents and the time between alcohol consumption and death into account.
MATERIAL AND METHODS
A retrospective review of 18 935 medico-legal autopsy reports and toxicological reports established by the Department of Forensic Medicine in Wrocław, Poland, was conducted by the authors in the years 1991-2014 which included 98 fatal farm-related incidents. The victims came from the Lower Silesia, i.e., a big, typical, demographic region in south-west Poland. All deaths occurred in agricultural circumstances, few were connected with forestry and fishing but inside agricultural farms.
The definition of fatal agricultural death and any unwitting injury resulting in death and occurring during the activity related to work on the farm or in connection with the performance of such activities or offsite as a part of normal farm activities related to agricultural activity must be consistent with the definition given by the International Labor Organization [16] and the European Agency for Safety and Health at Work (EU-OSHA) [17] .
The data from forensic reports included circumstances, time and cause of death, morphological descriptions of injuries, quantitative toxicological blood tests for alcohol levels in all cases and in 21 cases tests using alternative material, i.e., urine or vitreous. The authors used the headspace gas chromatography with a flame ionization detector (HS-GC with FID, Agilent, USA) to analyze alcohol concentration in accordance with standard forensic toxicology procedures. However, due to the uncertainty of the method used and variations in alcohol concentration in the plateau phase, it was assumed that differences in the blood and alternative material > 10 mg/dl allow for the differentiation of the alcoholemia phase at the time of death: absorption or excretion phase which implicitly allows us to determine the approximate time of alcohol consumption before death. It was assumed that the absorption phase, depending on the type of alcohol consumed and the distribution of alcohol consumption over time, may last 30-90 min.
The study protocol included gender, age, date, causes and circumstances of death as well as the ethyl alcohol concentration. According to the provisions of the Polish wheeled traffic and labor law it was assumed that the blood alcohol concentration (BAC) > 50 mg/dl equates to intoxication. Degrees of intoxication were evaluated with respect to the BAC as follows:
■ 50-150 mg/dl -mild intoxication, ■ 150-250 mg/dl -average, ■ > 250 mg/dl -significant.
The authors excluded cases in which the nature of the material taken, the condition of the body and the results of the analysis could indicate the presence of endogenous alcohol. The study did not include deaths occurring in hospital > 24 h after an injury due to inadequate toxicological data related to the accident. We also excluded deaths resulting from diseases regardless of their relationships to the victims' work. Circumstances of death were divided into the following categories: traffic accidents, death caused by machinery or equipment, fire, electrocution, intoxication, death caused by animals, drowning, falling from height, crushing, burial, environmental factors (including hypothermia). , > 60 years old (N = 3)), 2/41 were females aged 37-65 years old. In the whole group liver steatosis was only reported in 2 cases and liver cirrhosis -in just 1 case. In 18/41 (43.9%) of cases, blood tests for the concentration of ethyl alcohol revealed significant intoxication (> 250 mg/dl), out of which as many as 11/18 cases were in the age group of 30-39 years old ( Table 1 ).
The highest blood alcohol concentration was 520 mg/dl and the cause of death of a 47-year-old man was ethyl alcohol poisoning. The man died while logging in the forest. The next 2 highest results -460 mg/dl and 370 mg/dl -were related to traffic accidents, i.e., the first person fell from a tractor's cabin and was run over by the trailer, and the second person fell from the cabin and was crushed by the tractor which had rolled over and fallen into a ditch. The victim of the first accident was a 40-year-old male who had suffered multipleorgan damage whereas the second accident involved a 39-year-old male who had died of suffocation as a result of rapid chest immobilization. In both cases the nature of the injuries indicated that they had occurred during life pointing to traumatic death rather than lethal intoxication. In total, ethyl alcohol intoxication was found to be the sole cause of death in 3 cases.
There were only 2 women in the group of intoxicated victims. The first, a 37-year-old, died of hypothermia and her BAC was 70 mg/dl. The second, a 65-year-old, drowned in a water tank located on the farm and her BAC was 220 mg/dl. Out of the 41 positive BAC cases, in 21 cases alcohol concentration was determined using alternative material (urine or vitreous) to obtain a significant (> 10 mg/dl) difference in 20 cases as compared to the blood tests. In 1 case, comparable concentrations of alcohol in blood and urine indicated a phase of leveled concentrations. In 16/21 (76%) cases, at the time of death victims were in the alcohol eli- mination phase, and in 4/21 (19%) cases they were in the alcohol absorption phase. Out of 20 traffic accidents and accidents involving machinery, the results allow the alcoholemia phase to be determined in 12 cases, out of which 11 victims were in the elimination phase. The most common (16/41) cause of death in victims with proven alcohol intoxication was a traffic accident, i.e., being run over or hit by a moving vehicle (a tractor, a trailer, a combine-harvester, a water cart, a drill, a horse-drawn carriage). The next most common cause of death (in 5 cases) was drowning. The third (in 4 cases) most common cause of farm-related death was being caught or hit by moving parts of machinery or equipment ( Table 2) .
The most common injury found during the autopsies (regardless of the cause of death and alcohol intoxication) was multiple organ damage (48/98). Twentytwo out of 48 victims in this group were intoxicated, with 10 being significantly intoxicated. In the group of intoxicated victims (41/98) the second most frequent type of injury was chest injury (9/41), which occurred following traffic accidents, accidents with machinery, burials and crushing. During these accidents, the most common cause of death was blunt chest trauma with immobilization and inability to breathe. At the same time, chest injuries occurred in 17/98 cases of agriculture accidents during this period (regardless of alcohol intoxication). In 8/98 cases the autopsy revealed lethal isolated craniocerebral injuries with 2 people intoxicated. Forty-one out of the 98 accidents (41.8%) occurred during the intensive fieldwork season (between May and November). Almost half (19/41) of the cases of intoxication occurred during this period.
DISCUSSION
The authors draw our attention to the high percentage rate of intoxicated agricultural workers (> 41%) who had fatal occupational accidents and the large number of farmers significantly intoxicated (with the BAC > 250 mg/dl in 43.9% of all the cases examined). Although observations made by other investigators also [5] . In addition, in the studies which analyzed all workrelated accidents, regardless of the industry, the number of intoxicated victims was much lower than in our study. In Jordan this rate was 9.1% among 88 victims of all work-related accidents subjected to autopsies between 2008-2012 [11] . Similar values, i.e., 11%, were reported following the examination of victims of occupational accidents in another American report from North Carolina [20] .
The aforementioned studies were conducted in countries which are demographically, culturally and economically different from Poland, which may have also influenced the results obtained. A lower percentage rate of people intoxicated, although not as low as in the works cited, was also reported in the Serbian study where deaths occurring between 1996-2008 were examined (Serbia's economic and demographic structure is similar to that in Poland). Out of 337 cases of work-related fatal accidents (not just in agriculture), the victims of which were subjected to blood alcohol content test, the BAC > 50 mg/dl was found in 24% of cases, mostly in men, and in the majority of results it did not exceed 150 mg/dl [8] . Some authors of those reports clearly indicate that blood alcohol content tests were not carried out in all the analyzed cases.
One of the factors which should be considered when interpreting the results obtained is varied alcohol consumption per capita depending on the size of the country. This indicator is higher in Poland than the European and North American average but not high enough to fully explain the scale of such divergences [21] . As there is no scientific publications from Poland, our results can't be compared to other data on intoxication in fatal work-related accidents in Poland. What is consistent in all similar studies is that substantially more men than women drink alcohol at work [2, 4, 22, 23] , which is also consistent with the data on worldwide alcohol consumption according to gender [21] . In our study, this ratio equaled 39:2 and resulted mainly from the nature of the agricultural work where difficult, physical and risky tasks are performed by men.
The relationship between the BAC values and the circumstances of accidents at work and injuries suffered was examined by Foster and Dissanaike [10] . In 2007-2011, 504 Trauma Center patients who sustained work-related injuries were tested for the BAC upon admission -4.5% of them were blood alcohol concentration positive (according to the legal BAC limits in Texas which equaled 80 mg/dl). A significant positive correlation between the degree of intoxication and the severity of injuries was reported especially on farms, which accounted for as many as 48.6% of all serious injuries where the positive BAC was observed. This is consistent with the results of our study in which a large number of the highest BAC values (> 250 mg/dl) was observed in traffic accidents (62.5% of all the positive BAC cases related to traffic accidents) and polytrauma (48/98 agricultural fatalities with multiple organ damage, out of which 22 had the positive BAC and 10 had the BAC > 250 mg/dl). This proves that there is a greater likelihood of severe, fatal injuries when the BAC is high and a higher accident rate when operating vehicles.
The issue of traffic accidents involving intoxicated agricultural workers is significant when it comes to the type of vehicles used [2, 4, 22, 23] drew attention to the particularly dangerous accidents involving tractors, i.e., tractors rolling over, the victim being run over, crushed or pinned down by the tractor [22] . Similar information is provided by the Centers for Disease Control and Prevention (CDC) databases [23] . Our observations are in line with the latter as, out of 32 traffic accidents, 20 involved tractors, 9/20 were crushings by an overturned tractor and 11/20 involved falling out of the cabin. Tractors are dangerous vehicles because their centre of gravity is high and their track width is relatively narrow, which makes them prone to tipping over. Some older tractors have unprotected cabins and cabin doors are left open during work, there are too many people inside, especially on the way to or from work, and all this results in people falling out of the cabin [24] [25] [26] .
In our study group, almost a half of traffic accident victims were intoxicated (16/32), including 4/11 of those who fell from the tractor. The main way of reducing the number of accidents is the removal of the so-called Nr 1 "dangerous tractors" from widespread use [24, 26, 27] . Modern tractors have in-vehicle breathalyzers (breath alcohol ignition interlock device -BAIID) which prevent operation by intoxicated workers. They also have air-conditioned cabins with seatbelts and widewheel track systems and vehicles equipped with a rollover protective structure (ROPS) are much safer [25, 27] both for intoxicated and sober operators. However, the high cost may hinder their sale. According to our results, a large group of fatal accidents involved incidents with dynamic machinery other than vehicles (15/98 of all accidents out of which 4/15 victims had the positive BAC). The circumstances of the deaths were mainly related to being caught or hit by moving parts of machines or being crushed, which could be connected to the fact that alcohol hinders psychophysical abilities.
One objective of this work, in addition to establishing the prevalence of intoxication among victims of fatal accidents in agriculture, was to analyze the time between alcohol consumption and carrying out risky jobs and, finally, between alcohol consumption and fatal accidents. The link between alcohol consumption and the risk of accidents has already been discussed by some researchers. None of them, however, has objectively estimated the time of alcohol consumption.
Wang et al. reported that a lower incidence of accidents occurred in patients who consumed alcohol before taking up work, which is not consistent with a similar Indian study [7, 28] . Toxicological data obtained from the examination of 2 types of biological material for the presence of ethyl alcohol, i.e., either blood or urine or vitreous, additionally allowed us to analyze the time and the manner of alcohol consumption before death. Such information may be of paramount importance for creating systems prohibiting or excluding intoxicated workers from carrying out and performing work. Bearing in mind that work on a farm is often time-consuming, lasts all-day, often without supervision, and breaks may be taken at any time, it should be assumed that alcohol is not just consumed before work but also during breaks or at work. This situation significantly impedes the initiation of preventive actions and involves implementing a more complex control system.
The authors reported that an overwhelming number of victims (16 of 21) for whom the alcoholemia phase could be determined was in the elimination phase. Assuming that the alcohol consumption was extended over some period of time, this meant that consumption had taken place at least 1 h before death. What is more, in the majority of cases in the elimination phase, the BAC was > 250 mg/dl and almost all the cases involved a traffic or machinery accident. The positive here is that if there is a period of time between alcohol consumption and the accident, appropriately designed and implemented supervisory systems designed to control the sobriety of workers could be used for signaling and averting dangers, in order to avoid tragedy. In the cases analyzed, the future victims were intoxicated even 1 h after alcohol consumption. Despite the fact that intoxication symptoms were obvious to them and to their colleagues, they began or continued with professional activities. This proves that intoxicated workers and their environment lacked critical assessment regarding the influence of alcohol on mental and physical condition; they were unaware of or even ignored the threats posed by alcohol.
The consideration of the alcohol consumption of agricultural workers in the context of the frequency of accidents comes down to 2 concepts: consumers' tolerance to alcohol [29] and the influence of alcohol on the frequency and fatal outcome of work-related accidents which, among other things, is evident in our results. In their questionnaire study of the agricultural population in the northern provinces of China, Wang et al. [7] found a positive correlation between the frequency of alcohol consumption, the amount consumed and past alcoholism with an increased number of accidents. Similarly, in a study conducted in Finland [29] , where alcohol consumption per capita is similar to that found in Poland [21] it was reported that mortality rates were highest among people with the highest number of heavy drinking episodes. However, our study does not allow us to draw similar conclusions. It is surprising that in the 41 cases examined, alterations were only observed in 2, and they were presumably related to alcoholism, liver cirrhosis or liver steatosis.
This study also has several limitations. First of all, the material only concerns 1 demographic region and has been retrospectively collected by only 1 institution. The relatively limited number of cases and their diversity make it impossible to conduct a more detailed analysis than the one presented here as well as to draw more general conclusions. Moreover, alcohol concentrations in blood and in the alternative material were not determined at the same time in all cases, which could also have influenced the presented data.
